Background: Relative telomere length (RTL), the biological chronometer, varies considerably among individuals under the influence of multiple risk factors such as socioeconomic status (SES). It is anticipated that during fetal life, telomeres undergo reprogramming. The purpose of this study is to find the association between SES and telomere length of mother-newborn and genetic remodeling that occurs during fetal life. Results: The mean telomere/single gene copy (T/S) ratio and RTL (base pairs) among 250 mother-newborn dyads were higher in cord blood of newborns (1.18 ± 0.23) (6765 ± 1350 bp) (95% confidence level) compared to maternal blood (1.13 ± 0.18) (6432 ± 1350 bp) of all SES of the Pakistani population. A positive association (r = 0.396, p < 0.05) (F (2,238) = 9.229, p < 0.05) was found between maternal and newborn telomere length by using Spearman's correlation and regression analyses. Calculated RTL by Kruskal Wallis was found significant in low SES maternal and cord blood (5916 ± 754-6214 ± 596) compared to high SES maternal and cord blood (6818 ± 1248-7471 ± 1851). Conclusion: Significantly longer RTL in cord blood than maternal blood was observed in the targeted Pakistani population, including the low socioeconomic group highlighting fetal telomere reprogramming. High education appears to have a strong determining factor for longer RTL.
Background
Socioeconomic status (SES), the eminence of a person in society, is measured on an extensive range of parameters including occupation, income, wealth, education, and geographic location [1] . These measures generally viewed as broad indicators can be used interchangeably, but there is no "gold standard" on determining SES. During this era of science and development, people are progressively experiencing a different socioeconomic setback, leading to worldwide health deprivation especially in developing countries like Pakistan. According to WHO, Pakistan's national poverty line rate is 24% and middle class (lower and upper) poverty line rate is 34% and 75% [2] . Age-related diseases and early mortality are linked to low SES. They can act as biological process activators that are interconnected to social disadvantage, exposing individuals to detrimental physical, mental, and behavioral insults and other multiple health problems [3] .
Human telomeres, having almost 150 million base pairs, comprise less than 1% of the total genome. They are long non-coding tandem repeat sequences (TTAGGG) which shortens during every cell division due to an incomplete synthesis of the lagging strand by DNA polymerase [4] . After 50-70 cell divisions, the telomeres reach a critically short length (Hayflick limit) which is recognized by p53 protein to trigger cellular apoptosis [5] .
Telomere, both in adults and children, acts as a mitotic clock and a risk predictor to the development and progression of different diseases [6] . Telomeropathies are now being recognized as an emerging problem due to compromised telomere structure and function. These can also be named as "telomere disorders" or "telomere syndromes." It can be identified by DNA damage and shelterin (protein complex) disruption, but research is still ongoing in this area [7] . Older people with decreased telomere length have three to eight times increased risk of dying from heart disease or multiple illnesses [8] . Multiple diseases like blood pressure, glycated hemoglobin (HbA1C), decreased bone mineral density, and disrupted lipid profile can be biological age predictors. Telomere length has been extensively implicated with the risk of malignant tumors [9] and diseases like cardiovascular [10] , metabolic [11] , upper respiratory tract in children [12] , chronic obstructive pulmonary disease (COPD) leading to emphysema [13, 14] , and childhood diarrhea [15] .
Prenatal stress and modified environmental factors cause a reduction in telomeres and play a significant role in aging and determining the quality of life [3] . Apart from genetic determinants, direct DNA damage can be caused by exposomes such as multiple environmental dynamics, cigarette smoking [16] , physical activity, education [17] , inflammation, and reactive oxygen species (ROS) [18] . The adverse intrauterine environment during pregnancy is caused by factors like psychosocial risk issues, lack of social support, low socioeconomic status, and childhood trauma [19, 20] . Association to the telomere and fetal programming and gene expression modifications has also been found linked with pre-eclampsia [21] , intrauterine growth restriction (IUGR) [22] , oxidative and nitrosative stress, and hypoxia [23, 24] .
Maternal epigenetics can disturb the health and phenotype of the growing child, which can lead to adverse birth outcomes like preterm birth causing 16.33 g reduction in newborn birth weight [25] or large gestational age (SGA/ LGA) and can also lead to postpartum depression [20, 26] . Progressing age and depression in mothers who have a high level of cortisol result in shorter telomeres in newborns [27, 28] . The association of education, ethnicity, and socioeconomic status with telomere has been considered as a biological indicator [17, 29, 30] . A retrospective study on archived neonatal dried blood from Michigan neonatal blood bank and maternal social status observed socioeconomic disparities reflect in telomere biology. The susceptibility to gene expression dysregulation and different health problems in neonates can be confirmed on the basis of telomere length size [31, 32] .
The hereditability of telomere length and its importance has been proved years ago worldwide and also in different parts of Asia. Thus, a respective study was required for the detection of altered genetics leading to comorbidities, mortality, or early aging in females and their newborns.
Telomere length association with SES may cause health disparities and may implant long-term impressions on different socioeconomic status of Pakistan. The objective of this study was to find out the association between different maternal SES and telomere length of mothers-newborn as well as genetic remodeling during fetal life.
Method

Subjects and procedure
A total of 250 normal pregnant females between the age of 18-35 years and their newborns were included in the study from Ziauddin Medical Hospital, Karachi, from May 2018 to October 2018. It was a cross-sectional study, and samples were collected through the quota sampling technique after the approval from the Ethics Review Committee (ERC) of Ziauddin University and Hospital. Samples were distributed into different SES with defined income per month ($ rate October 2018): low < 15,000, lower middle 16,000-25,000, upper middle 26,000-100,000, and high < 100,000 [2] . A questionnaire was filled after taking the informed written consent from the patient or their attendants. Detailed information on maternal and newborn features was obtained from hospital record registers. Females with diabetes mellitus or known malignancies were not included in the study. Firstly, the reference DNA (pooled from 5 non-pregnant females) was used to draw a standard curve with concentrations ranging from 0.1 to 12 ng/μl. Before delivery, venous blood (3-5 ml) samples of the pregnant female were collected in ethylenediaminetetraacetic acid (EDTA) tubes. Umbilical cord vein blood (3-5 ml) samples were collected immediately postpartum into EDTA tubes from the cord. Samples were stored at − 20°C. DNA extraction was done by EZ-10 spin column genomic DNA kit (BioBasic Canada Inc.). Qubit dsDNA HS Assay kit at 260 nm and 280 nm (Qubit 2.0 Invitrogen Life Technologies, USA) was used to measure the concentration of each DNA sample on Qubit spectrophotometer. For temperature optimization, SimpliAmp conventional thermal cycler (Applied Biosystem) was used. Primer sequences for telomere and single copy gene (β-globin) amplification were as follows: Tel (forward): 5′ GGTTTTTGAGGGT-GAGGGTGAGGGTGAGGGTGA GGGT3′, Tel (reverse): 5′TCCCGACTATCCCTATCCC-TATCCCTATCCCTATCCCTA3′, HBG (forward): 5′ GCTTCTGACACAACTGTGTTCACTAGC3′, and HBG (reverse): 5′CACCAACTTC-ATCCACGTTCACC3′ [33] . All PCR products were analyzed on 2% agarose gel electrophoresis. Real-time PCR or quantitative PCR (qPCR) was done by using Platinum SYBR Green qPCR SuperMix-UDG (Invitrogen). In 30 μl reaction mixture, 15 μl of master mix, 2.5 μl of 10uM forward primers, 2.5 μl 10uM reverse primers, and 1 μl ROX dye 10 μl DNA (10 ng/μl) were used. This method was an extension of basic PCR, including relative quantification of target DNA using ct (cycle threshold) measurements by StepOne software (v2.3). For telomere amplification, qPCR temperatures were as follows: first holding stage for 50°C for 2 min and 95°C for 2 min, then 40 cycles were set at denaturation 95°C for 15 s, annealing at 68°C for 40 s and extension 75°C for 3 min, and the second holding for 72°C for 40 s. For reference gene (β-globin)/single gene copy amplification, PCR temperature was as follows: first holding stage for 50°C for 2 min and 95°C for 2 min, then 40 cycles were set at denaturation 95°C for 15 s, annealing at 56°C for 40 s and extension 75°C for 3 min, and second holding for 72°C for 40 s. To measure relative telomere length of maternal and cord blood samples, T/S ratio was calculated and then converted to base pairs (bp) by using the following equations [34] :
For interplate variation, reference DNA was loaded as a control in all runs of both telomere and reference gene. All samples were assayed in duplicate wells, and average values of two measurements were used for the statistical analyses. Fold method or delta delta ct (2-ΔΔCT) method was used to calculate the fold difference between the maternal and cord sample [35] .
Statistical analysis
Data quality control analysis was done by using Statistical Package for Social Sciences (SPSS) version 20. Quantitative variables considered in the study were presented as mean ± standard deviation (SD), and qualitative variables were presented as frequency and percentages. Spearman's correlation was used to check the correlation of maternal and cord blood RTL at 95% confidence level and p = < 0.05 significant. The KruskalWallis test was used to examine the comparison of cord blood RTL with maternal demographics, SES, education, occupation, and ethnicity. The Mann-Whitney U test was also used to check the comparison between two groups. Multiple regression was used for the association of different variables.
Results
Characteristics of the 250 mother-newborn dyads are presented in Table 1 . The maternal and paternal age (mean ± SD) of the samples was 27.17 ± 5.11 and 34.03 ± 4.90 years, respectively. The mean T/S ratio of cord blood (1.18 ± 0.23) was higher than maternal blood (1.13 ± 0.18) at 95% confidence level. A statistically significant (p = <0.05) association between mother and cord blood RTL was observed. The correlation (r = 0.395) between maternal and cord blood telomere presented in the scatter plot ( Fig. 1 ) shows mean RLT in cord blood (6765 ± 1350 bp) was higher than maternal blood (6432 ± 1350 bp) across the samples.
In this study, SES was equally subgrouped (n = 63 (25%)) into 4 groups (low, lower middle, upper middle, and high) with defined income. In low and lower middle SES females, maternal RTL was shorter (5916 ± 754, 6477 ± 1064) than in cord RTL (6214 ± 596, 6492 ± 1065) ( Table 1) . On further analysis, consistently shorter maternal RTL was observed in upper middle and high SES females (6560 ± 1017, 6818 ± 1248) than their cord RTL (7471 ± 1851, 6936 ± 1326). (Table 1 ). The longest mean RTL was observed in mothers of high SES (Fig. 2a) and cord (newborns), p = < 0.05, of an upper middle SES (Fig. 2b) . In secondary analysis, when multiple comparisons were applied, statistically significant difference between various SES and maternal and cord RTL was observed. Maternal RTL for low SES was found significantly different from the other SES (p = 0.015, < 0.05, and < 0.05), respectively. Similarly, cord RTL also had a significant difference between the different maternal SES (p < 0.05, p < 0.05) ( Table 2) . Regression analysis highlighted a positive association between mother SES and cord RTL (F (2, 238) = 9.229, p < 0.05).
Regarding education, mothers were divided into different educational levels: no schooling (n = 70 (28%)), less than high school (n = 64 (25.6%)), high school (n = 40 (16%)), graduation (n = 16 (24.4%)), and master's group (n = 15 (6%)). Longer RTL (6596 ± 887) was observed in females with a graduation degree compared to females with no schooling (6228 ± 116) (Fig. 2c) , but the results were not significant (p = 0.089) ( Table 1) . However, significantly (p = 0.04) longer telomeres were observed in cord RTL of women with graduation and master's degree (7264 ± 1634, 6709 ± 1324) compared to newborns of no schooling group (6549 ± 1174) ( Tables 1 and 3 , Fig. 2d ). But regression analysis showed no association between education and RTL (B0 = − 91.922, T = − 0.966, p = 0.335).
Major occupational groups in the study females were housewives (n = 222 (89%)), teacher (n = 15 (06%)), and doctors (n = 9 (3.6%)), respectively. Longer RTL (6991 ± 726) was noted in doctors and shortest (6331 ± 903) in teachers. Our results also draw attention to cord telomeres which were longest (7675 ± 186) in newborns of females with banking occupation compared to housewives (6741 ± 1414) and teachers (6778 ± 542) ( Table 1) . Among father's occupation, unemployed and laborer's newborns showed decreased telomere length (6167 ± 473, 6229 ± 856) in comparison to other occupational groups (businessman 6776 ± 1062, driver 6897 ± 1352, shopkeeper 7027 ± 1866). Statistically significant (p = 0.012) results with longest RTL (8075 ± 751) were observed in newborns of father's working for private jobs.
We also examined different ethnic groups in our study (Table 1) : Pathan (n = 83 (33%)), Urdu speaking (n = 62 (25%)), Punjabi (n = 46 (18%)), Sindhi (n = 37 (15%)), and others (Hindu, Christian, Memon) (n = 20 (08%)). Research highlighted longest maternal RTL in Punjabi ethnicity (6618 ± 1120) and shortest in Urdu speaking (6319 ± 1008). Whereas in cord RTL, Urdu speaking had the longest (7042 ± 1654) and Memon ethnic groups had the shortest (6402 ± 1063). Therefore, large telomere length difference between mother and newborn was seen in Urdu speaking ethnic group (6319-7042) (p = 0.327, 0.192).
According to newborn gender, variations among newborn RTL in different SES were explored. There was n = 133 (53%) girls and n = 117 (47%) boys born to different SES females. Birth rate of girls was higher in lower and lower middle SES (Fig. 3) . Overall, girls had longer RTL than boys; however, boys from low SES had longer 2 The Kruskal-Wallis test was used to find mean difference between and maternal and cord blood RTLand SES and education. a Mean difference between SES and maternal blood RTL. b Mean difference between SES and cord blood RTL. c Mean difference between education and maternal blood RTL. d Mean difference between education and cord blood RTL. a Box plots depicted maternal RTL in low SES was shorter compared to upper middle and high SES. Nine outliers are lying in upper middle SES. Box plot (b) showed cord RTL was shortest in low SES and upper middle SES had longest with eight outliers (maximum number of outliers). c There were five categories of education groups; all the groups had outliers except masters group, whereas graduation group had longest RTL and no schooling group had smallest RTL. Plots (d) illustrated that all the groups had outliers except masters group. Graduation group had longest RTL whereas no schooling had smallest telomere (6229 ± 551) compared to counterpart girls (6203 ± 635) (Fig. 3 ). Longest RTL (7651 ± 2210) was noted in girls of upper middle SES females (p = 0.768). The results showed that there was more average delta ct (cycle threshold) in cord blood (3.57 ± 4.51) compared to the maternal (2.40 ± 3.66) with coefficient of variance (CV) at 14% (Fig. 4) . The fold difference outcome showed less gene expression in mothers compared to the cord (maternal RTL 10.1 ± 2.26 (CVs = 11-15%), cord blood RTL 12.4 ± 3.63 (CVs = 15-27%)).
Discussion
Socioeconomic disparities are a well-known cause for the shortening of telomere length. There is a scarcity of studies on the association between mothers and newborns from these strata (low, lower middle, upper middle, and high). This study showed positive (p < 0.05) association (F (2, 238) = 9.229) between cord blood RTL and mother's socioeconomic status (SES), hence revealing a statistically significant difference among all the subgroups. The RTL of low SES had a significant relationship with all the other groups (p < 0.05) [17] .
Mothers from low SES in our study had the shortest RTL (5916 ± 754) compared to the lower middle, upper middle, and higher group. Previously, mixed results have been observed on SES and telomere length [36] [37] [38] [39] . However, few studies on children's telomere genetics revealed a shorter telomere length in adult CD8+ CD28− T cells under adverse SES and hence can increase the probability of developing an illness in the upper respiratory tract infection during childhood [40] . Researchers working on the influence of low socioeconomic status on child health concluded that intergenerational conduction of telomere length can act as markers of biological versus chronological age especially at birth [41] .
The results supporting our objective of fetal telomere reprogramming during pregnancy demonstrated that mothers from low SES had shorter telomeres than mothers living under well-privileged life conditions. This may cause further fabrication of stable epigenetic adaptations in newborns in the form of different altered features [42] . A cross-sectional study of the USA, by Rehkopf et al., is in accordance with our results, showing shorter RTL as a risk factor for cardiovascular diseases [43] . Other agerelated diseases have also been linked to low SES [44] . However, on the contrary, pregnancy-related diseases that we studied such as gestational diabetes mellitus (GDM) and hypertension were found in high SES females.
Contradictory to our positive association between SES and RTL some researchers demonstrated no association between RTL and social adversity (p > 0.05) [45, 46] . A study on 65-year-old Chinese men also showed shorter telomere length associated with self-rated higher economic status. Scientists justified such results by considering social factor more influencing than lifestyle. Their observations regarding unhealthy lifestyles were in terms of smoking, alcohol, physical activity, and antioxidant intake in high SES [37] .
In this study, we also found that qPCR is a cost-effective and efficient technique for calculating DNA telomere length [29, 47] . The results highlighted a moderate correlation between maternal and cord blood RTL which is in accordance with another study (p = 0.34) with other reported risk factors [48] . Our study cord blood T/S ratio (0.81-2.29) calculated results are in accordance with the T/S ratio of Belgium (0.51 to 1.75) [49] and US population (1.36-3.19) [32] .
We also observed that during fetal development, telomere length improves in cord blood; thus, mothers had a shorter length than a cord in our study which has also been observed by Weng et al. (p < 0.001) [50] .
Inconsistent with the view that educational attainment and income are the most important indicators of SES of a person, the stronger association was also seen between education and SES measures. The studies used the levels of education, health, residence, and income to evaluate SES. Our study reported significant (p = 0.04) association among cord RTL and education. These results may reflect that education has a strong impact on telomere attrition. A study among different universities showed a wide range of telomere length: 6.3 kbp (University of Texas), 6.4 kbp (University of Pennsylvania), and 8.7 kbp (Ohio State University). Therefore, as the education level increases, the telomere length also increases [51] . The data from the National Health and Nutrition Examination Survey, 1999-2002, reported significantly (− 0.042; p < .01) shorter telomeres 5.49 kbp in adults with less than a high school degree compared to college graduates 5.63 kbp [29, 30] . These results are similar to our study in which females with graduate degrees had longer telomeres along with their newborns (6.5 kbp, 7.2 kbp) compared to groups with less education.
Telomere elongation during fetal life is due to the dramatic increase of telomerase enzyme during fertilization; however, it is downregulated under cell differentiation [52] . Therefore, longer telomere in cord blood can be Fig. 4 Telomere amplification plot by qPCR. ct values of telomere ranging from 20 to 27 with reference ct 26 ± 3.7 and variance 14%. We also observed that most of the telomere repeat sequence ct values had wider range between ct 24 and ct 27
due to an increase in activity and remodeling of genetic material. Epigenetic regulation also plays a substantial role in the length elongation of cord blood; however, sometimes master epigenetic regulators (DNA methyltransferases and histone methyltransferases) may also interfere with telomere loss [42] . Occupation, among other demographics, highly correlates with education and has a strong association with telomere length slow destruction [29] . The majority of females in our study were unemployed (housewives) and had shorter telomeres (6741 bp) compared to working women (doctors and bankers). Research showing longer telomeres of retired, working women (5972 bp) than homemakers (5567 bp) (p = 0.023) endorses our results [53] . Thus, it can be concluded that exhaustion-related work has a high tendency to accelerate biological aging. Stress related to heightened cortisol levels in females has shown differences in RTL, and this has also been found associated with increased risk of hypertension and accelerated aging [54] . Conflicting to the current study, research on working ladies indicated decrease in 472 bp telomeres compared to non-employed ladies [55] .
There is a direct association between length of telomeres with work-related stress resulting in acceleration of biological aging, coronary heart disease, and breast cancer [56, 57] . Moreover, cancer susceptibility is known to be caused due to the accumulation of de novo mutations that increase proliferative potential of the somatic cells by escalating telomerase enzyme activity resulting in longer telomeres [58] .
Father's occupation showed a strong association with cord telomere depicting that it may have wear and tear effects on newborn health [56] . Shorter telomeres were observed in newborns with unemployed and laborer fathers compared to ones with private jobs (p = 0.012). A study on welders in Sweden supports our findings showing association with oxidative stress and DNA methylation (p = 0.033). Hence, occupational exposures can cause telomere alterations and have a strong impact on the quality of newborn life [59] .
Ethnicity has been found associated with occupation. Fujishrio et al. observed that duration of job < 10 years was connected with the ethnicity of African-American, Latino, and white population [60] . Different telomere lengths among whites (5.55 kbp), African-American (5.68 kbp), and Latino (5.49 kbp) emphasized the ethnicity advantage among people along with occupation [51] . Another cohort study highlighted longer telomeres in blacks compared to white ethnicity despite having the same standard of education in both groups [3] . Looking into the ethnicity of our respective study, mothers from Urdu speaking ethnic group had smallest (6319 bp) and Sindhis had longest (6598 bp) telomeres. However, cord telomere of the Urdu speaking group was found longest (7042 bp) among all ethnic groups. Therefore, we can relate that there is a strong fetal programming among Urdu speaking followed by Sindhi and Pathan ethnicities. A study found a strong relation of ethnicity (Urdu speaking and Pathan) with oral cancer having an incidence of 19 % among the Pakistani population. In this study, a high prevalence of Pathan and Urdu speaking ethnicity with shorter telomere length may be at high risk of oral cancer [61] .
Gender (newborn) association with RTL pointed out 29 bp longer telomeres in newborn girls compared to newborn boys. This evidence was supported by many studies which confirmed longer telomeres in girls (0.181 kb, 6.83%, 50-100 bp) [49, 60, 61 ]. An unexpected 26 bp shorter telomere was observed in low SES newborn girls, whereas girls belonging to upper middle SES had 308 bp longer telomeres. Similar to our study, Mitchell et al. also discovered longer telomeres in children with lowermiddle SES than low SES (p = 0.007) [41] . Hence, social status plays a crucial role in the transmission of telomere length in future generations.
Gene expression capacity of telomeres was calculated by fold difference (2^-ΔΔ ct) method which provides more accurate estimates of relative gene expression [35] . Our study results showed more telomere gene expression in cord than maternal having coefficient of variance CVs (11-15%, 15-27%) and standard deviation (SD) ± 3.66. In this respective study, the results of average Δct signify that the telomere qPCR needs more cycles in both maternal (2.4 times) and cord samples (3.5 times) to produce as much fluorescent signal as the reference gene qPCR. The positive Δct indicated that reference gene is longer than telomere, whereas inverse results were seen in the Cawthon qPCR analysis (− 9.05 ± 1. 48) [33] .
A significant association (p < 0.05) has been found in the relationship between newborn RTL and mother SES and education which was evaluated for the first time in the population of Karachi, Pakistan. These findings emphasized that genetic remodeling in pregnant women from low SES leads to improved RTL in the newborn. Fetal programming of the telomere biology may signify health disparities and lifespan of the targeted female population and their offspring. Thus, telomere can act as a biological aging marker in both mothers and newborns.
Conclusions
Positive associations between mother and cord RTL were observed in the targeted Pakistani population. Significantly longer cord blood RTL than maternal blood was observed, including the low socioeconomic group highlighting fetal reprogramming. However, the high SES group had longer telomere (bp) than low SES. In this study, education was found a strong determinant for longer RTL and has a shielding effect against telomere shortening.
Limitations
Small sample size could be responsible for insignificant results of mother and newborn blood RTL. Further investigations on maternal health condition and lifestyle could also be helpful in revising the data.
Future recommendations
Evaluation of the telomerase level in the blood and father's blood samples could be taken for the detection of telomere inheritance. Longitudinal cohort studies should be done to detect all the risk factors. Sequencing could be done for phylogenetic analysis. 
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